Summary. When soybean nodules are incubated with propionate-2-14C the heme moiety of leghemoglobin becomes labeled. The incorporation of propionate-2-14C into heme is linear with time and it appears that propionate is utilized without a lag period. The rate of incorporation of propionate-2-14C into heme is more rapid than the rate of incorporation of succinate-2-14C and citrate-1,5-14C, however, these rates of incorporation may be influenced by different sizes of endogenous pools of organic acids.
Cobalt is essential for Rhizobiunm species and symbiotically grown legumes (2, 16, 17, 18) but has not been shown to be essential for either leguminous or non-leguminous plants per se. The specific role or roles of cobalt in the metabolism of either symbiotic or free-living nitrogen-fixing organisms has not been adequately determined. De Hertogh et al. (10) have shown that propionate is activated in the presence of ATP and CoA and that the produict, propionyl-CoA, is carboxylated yielding methylmalonyl-CoA and finally converted to sticcinyl-CoA via the methylmalonyl-CoA mutase reaction. Cobalt deficiency in Rhi_kobhiotn cells is known to resuilt in a decreased synthesis of B,2 coenzyme which impairs the activity of the methylmalonyl-CoA mutase reaction (10) . This lesion, apparently is respon- There is evidence suggesting that vitamin B12 is involved in the biosynthesis of hemoglobin in animals (4, 7, 11) , however, knowledge of the precise sites where the vitamin functions is incomplete.
An involvement in some way of vitamin B12 in the biosynthesis of leghemoglobin was suggested by the demonstration (2) of a significant reduction in the content of nodule leghemoglobin when soybeans were cultured in media lacking adequate cobalt. Fuirther, it has been shown that (15) the rates of increase in concentrations of both B12 coenzyme and leghemoglobin are nearly parallel during the development of sovbean nodules. Wilson and Reisenauer (25) have shown that the nodules of symbiotically-grown alfalfa contain only traces of leghemoglobin when 0.001 ,ug of cobalt per liter was supplied in the nutrient meditum. When 0.010 ug of cobalt per liter was provided to alfalfa plants, the leghemoglobin content of the nodules increased strikingly.
By the utse of specifically labeled glycine-'4C and acetate_14C, Richmond and Salomon (21) For the measturement of radioactivity in propionic and acetic acids the peak effltuent fraction from a Celite column was neutralized and an aliquot containing 0.2 to 0.6 micro eqtuivalent was added to a glass planchet, evaporated to dryness and counted at infinite thinness. In a single experiment 14CO., was collected, converted into BaCO3, plated and assayecI for radioactivity at saturation thickness (19 12 ,moles of non-radioactive succinate were added to an incubation mixture the rate of incorporation of I"C from propionate-2-l"C was reduced to an extent of 40 to 60 %.
The addition of non-radioactive acetate to either whole or macerated nodules resulted in a decreasedl rate of incorporation of propionate-2-14C into heme.
The effect of adding 12 /moles of non-radioactive acetate to each reaction mixture on the rate of incorporation into heme of propionate-2-l"C and succinate-2-"4-C is illustrated in figure 2 . The addition of unlabeled acetate reduced by approximately 33 % the rate of incorporation of propionate-2-'4C Table III . Incorporation of 14C-Labeled Precursors into Heme in Cell-free Extracts from Soybean Nodules Experiment 1. Cell-free extract was prepared from 40 day-old soybean nodules and dialyzed for 6 hours in 0.1 M phosphate buffer (pH 7.0). The reaction mixture in a final volume of 6 ml 0.1 M phosphate buffer at pH 5.6 con.tained 2 ,uc 14C-labeled metabolite; 10 ,umoles of ATP and MgCl9; and 0.2 ,mole of CoA and NADH.
Twelve jumoles carrier were added as indicated. The incubation mixture contained 20 mg protein/ml unless indicated. Tubes were incubated 90 min at 350. Radioactivity incorporated into hemne using a boiled extract (2 cpm/ 0.07 pwmole heme) was subtracted from each determination. Experiment 2. Same as in experiment 1 except that the cell-free extract was prepared from 28 day-old nodules. Each reaction mixture contained 0.26 pmole heme from extract and was incutbated for 50 min at 380 at pH 7 7PLANT l'IIYSIOLOGY into heme anid inicreased by about 50 % the rate of incorporation into heme of radioactive stuccinate.
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